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Introduction

Most studies on potentially hazardous substances are focused on aspects about their occurrence and
fate in the environment (monitoring and modelling studies). This information is useful to estimate the
environment impact and the potential exposure of human. In order to early recognize future
environmental impacts, it is essential to know their anthropogenic metabolism, too. A better
knowledge of the quantities of the flows, stocks and emissions from the use and waste management
processes and their temporal behaviour is essential for effective risk reduction measures and effective
chemical management, particularly during the disposal and reuse phases. To get an overview about
sources and final sinks for selected brominated flame retardants (BFR) a dynamic substance flow
analysis (SFA) has been elaborated for Switzerland. In combination with outcomes of other studies
(e.g. Anonymous 1999; Morf et al. 2005), the results will serve as a base for recommendations for
future regulatory and technical measures regarding the use and disposal of the selected BFR.
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Figure 1 System for the application areas E&E, transport and textile



In order to investigate the dynamic behaviour of the anthropogenic metabolism and estimate temporal
trends of emissions from technosphere to the environment, a dynamic substance flow analysis model
has been established and required input data for the SFA model have been determined. The spatial
system boundary was the political border of Switzerland and the temporal period 1980-2020. The
substances selected were HBCD, DecaBDE, PentaBDE, OctaBDE and TBBPA. The data (e.g. transfer
coefficients, emission factors) was gathered from own studies (Morf et al. 2003; Morf et al. 2005) and
by reviewing the literature published and in collaboration with researchers from Empa — Materials
Science & Technology as well as Swiss Federal Institute of Aquatic Science and Technology and
contacts to many research groups, organisations, authorities and industry from all over the world have
been established. The method consisted of the determination of the flows and stocks of the selected
substances in subordinate systems and application areas and the following aggregation to form the
whole system. Figure 1 illustrates the system established for the application areas E&E, transport and
textile/furniture. The system for the construction application area does allow investigating in slightly
more detail the “Use”- process.

Results and Discussion

Figure 2 shows the estimated consumption trends for DecaBDE and HBCD in Switzerland based on
two approaches: a bottom-up approach based on import and export statistics combined with data about
product/material content and a top-down approach derived from industrial demand data regarding the
selected BFRs (source: BSEF and CEFIC). The bottom-up consumption estimate is split up in the four
application areas. As uncertainties of the individual factors used are multiplicative, the domains of
uncertainty are estimated as 30% to 50%. The distribution in Europe is not known exactly. It is known
that due to more stringent fire regulations, consumption in the UK is higher than average, while it is
lower e.g. in Scandinavian countries. The per capita consumption in Switzerland was estimated as
approximately intermediate. As for DecaBDE, imports of electronic equipment from Asia and
America are important, the higher estimate than the per capita industrial demand is reasonable. The
consumption trend in Japan showed is not comparable with Switzerland, as consumption has been
decreasing since beginning of the 1990s due to an industry commitment (Tokai et al. 2004).
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Figure 2 Estimated consumption trend of DecaBDE and HBCD in Switzerland using import and
export figures; comparison to industrial demand data converted on a per capita base

In the scenario with no regulative restriction of DecaBDE or HBCD (see figures 3 and 4), the stock of
HBCD in the process “Use” amounts to about 2,000 tons at present and is expected to double until
2020. EPS and XPS insulation panels make up by far the largest proportion of the stock. The amount
of DecaBDE in the stock in “Use” is about the same at present, but it is supposed to be virtually stable
in future. Here, electrical and electronic equipment is the most relevant application area. The amounts



stored in waste management are one order of magnitude lower than in the use phase. In consequence
of the technical ordinance on waste (Technische Verordnung iiber Abfille, TVA) and the restrictions
of disposal on landfills in Switzerland, the accumulated BFR mass in landfills is increasing much
slower than before the mid-Nineties.
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graphics)

As figure 5 indicates, there is an increase in emissions of DecaBDE until 1990, followed by a decrease
until the late 2000s. The emissions are expected to stay virtually constant within the next decade, if no
ban is assumed. Total emissions estimates at the end of the Nineties are more than one order of
magnitude lower than estimated in Morf et al. (2003), as worst case assumptions had to be applied in
that study. Emissions to atmosphere make up to 15 kg/year, emissions to hydrosphere up to 8 kg/year
and emissions to soil up to 55 kg/year at maximum. Wastewater is the most relevant emission pathway
into soil and hydrosphere, especially in the past. As the usage of sewage sludge as fertilizer in
agriculture has been declining over time and was prohibited beginning October 1* 2006, the emissions
to soil decreased significantly in Switzerland. The releases to sewerage from production processes are
most relevant, while smaller amounts originate from the use phase, recycling and atmospheric
deposition. On the other hand, releases from landfills to wastewater are negligible.
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As shown in figure 6, emissions of HBCD are in a similar range like DecaBDE, but in contrast to
DecaBDE, the emissions of HBCD are increasing to date and are expected to continue increasing in
future. The atmospheric emissions of insulation panels originating from the use phase including
construction and deconstruction processes make up the largest proportion. These emissions would
continue for many decades even in the case of a ban for this substance. Emissions to soil show a
similar trend as for DecaBDE, but they are lower and peak significantly later.

For both, DecaBDE and HBCD, the flows from use to waste management are increasing over the
whole period under study. This indicates the more important role of adequate waste management



strategies in order to avoid emissions of these substances in the future. In the case of Switzerland,
there is an almost linear increase for HBCD, while the increase of DecaBDE begins to flatten at the
beginning of this century.

Due to limited and partly highly variable emission measurements (e.g. Klatt 2004; Sakai et al. 2006)
and uncertainties in the substance flows, the domain of uncertainty is high for the emissions to the
environment. The gradually increasing emissions of HBCD correspond well with concentrations
trends found in sediment cores (Kohler et al. 2005; Kohler et al. 2006), while the decrease of
DecaBDE in recent years modelled can not be explained with measurements in the environment (yet).
Missing flows from the use or end of life phase into the sewerage system in Switzerland seem to exist.

In Switzerland, it becomes obvious that measures taken in waste management in past (restrictions of
disposal on landfills, ban for sewage sludge as fertilizer in agriculture, separate e-waste recycling
concept, etc.) and actions by industry (stewardship programmes) have had a positive impact on the
emission situation. However, there are still problems to be addressed in near future (e.g. emissions of
HBCD from insulation panels during use and construction operations, diffuse emissions from
unintended fires, export of used products, recycling processes and infrastructure). The situation is
different in the EU, as in many countries sewage sludge is still used in agriculture and burnable waste
containing BFRs is dumped on landfills.
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